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Objective: Patients receiving interfacility transfer to a higher level of medical care for ruptured abdominal aortic aneurysms
(rAAAs) are an important minority that are not well characterized and are typically omitted from outcomes and quality
indicator studies. Our objective was to compare patients transferred for treatment of rAAAs with those treated without
transfer, with particular emphasis on mortality and resource utilization.
Methods: We linked longitudinal data from 2005 to 2010 Healthcare Cost and Utilization Project (HCUP) State Inpatient
Databases and Emergency Department Databases from California, Florida, and New York. Patients were identiﬁed using
International Classiﬁcation of Diseases-Ninth Revision-Clinical Modiﬁcation codes. Our main outcome variables were
mortality, length of stay, and cost. Data included discharge information on the transfer-out and transfer-in hospital. We used
univariate and multivariate analysis to identify variables independently associated with transfer and in-hospital mortality.
Results: Of 4439 rAAA patients identiﬁed with intent to treat, 847 (19.1%) were transferred before receiving operative
repair. Of those transferred, 141 (17%) died without undergoing AAA repair. By multivariate analysis, increasing age in
years (odds ratio [OR] 0.98; 95% conﬁdence interval [CI], 0.97-0.99; P < .001), private insurance vs Medicare (OR,
0.62; 95% CI, 0.47-0.80; P < .001), and increasing comorbidities as measured by the Elixhauser Comorbidity Index (OR,
0.90; 95% CI, 0.86-0.95; P < .001) were negatively associated with transfer. Weekend presentation (OR, 1.23; 95% CI,
1.02-1.47; P [ .03) was positively associated with transfer. Transfer was associated with a lower operative mortality
(adjusted OR, 0.81; 95% CI, 0.68-0.97; P < .02) but an increased overall mortality when including transferred patients
who died without surgery (OR, 1.30; 95% CI, 1.05-1.60; P [ .01). Among the transferred patients, there was no sig-
niﬁcant difference in travel distance between those who survived and those who died (median, 28.7 vs 25.8 miles; P [
.07). Length of stay (median, 10 vs 9 days; P[ .008), and hospital costs ($161,000 vs $146,000; P[ .02) were higher
for those transferred.
Conclusions: The survival advantage for patients transferred who received treatment was eclipsed by increased mortality of
the transfer process. Including 17% of transferred patients who died without receiving deﬁnitive repair, mortality was
increased for patients transferred for rAAA repair compared with those not transferred after adjusting for demographic,
clinical, and hospital factors. Transferred patients used signiﬁcantly more hospital resources. Improving systems and
guidelines for interfacility transfer may further improve the outcomes for these patients and decrease associated hospital
resource utilization. (J Vasc Surg 2014;60:553-7.)Ruptured abdominal aortic aneurysms (rAAAs) are an
important cause of death among the elderly, with an esti-
mated 15,000 to 30,000 yearly deaths in the United States.
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and resources are required to achieve these improvements
but are not universally available. For patients with rAAAs
presenting to hospitals not equipped to manage their
care, interfacility transfer to a higher level of medical care
may be the best treatment option. However, the effect of
transfer on population-wide outcomes is unknown.
Previous investigations describing single-institution
experiences for transfer of rAAAs2-4 have focused on out-
comes only for transferred patients who received opera-
tive repair, excluding those who were transferred with
the intent to receive treatment but died en route to the
destination hospital or were too unstable to be offered
repair. Likewise, studies of rAAAs with administrative da-
tabases have been limited because data before the admis-
sion for repair were not available. Our objective was to
compare the outcomes for patients transferred for treat-
ment of rAAAs with those treated without transfer over
the entire episode of care, with particular emphasis on553
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the use of transfer for treatment of rAAAs in general
practice and to compare the mortality of patients trans-
ferred with those treated at the initial presenting facility.
In addition, we set out to determine if any survival advan-
tage for patients transferred for treatment was eclipsed by
increased mortality of the transfer process.
METHODS
Data sources. Healthcare Cost and Utilization Project
(HCUP) State Inpatient Databases (SID) and Emergency
Department Databases (SEDD) were linked to identify in-
dex and subsequent admissions of transfer patients from
2005 to 2010. We studied California, Florida, and New
York due to their relatively large and heterogeneous popula-
tions and the ability to track patients across multiple years.
These databases contain standardized data, including patient
demographics, International Classiﬁcation of Diseases-Ninth
Revision-Clinical Modiﬁcation (ICD-9-CM) codes for pri-
mary and secondary diagnoses and procedures, admission
source, length of stay, discharge disposition, inpatient mor-
tality, and hospital characteristics.
Hospital data were collected from the American Hospi-
tal Association Annual Hospital Survey database (2008).
Variables included bed size and nurse-to-patient ratio.
Nurse-to-patient ratios were deﬁned as previously described:
full-time equivalent registered nurses  1768/adjusted
patient days.5,6 This variable was treated as a continuous var-
iable in our analyses.Hospital technologywas a dichotomous
variable based on the ability of a hospital to perform open
heart surgery or organ transplantation.5
Study population. Adult patient (aged $18 years)
discharges with medical diagnoses of rAAAs (ICD-9-CM:
44.13 or 44.15) were included in the analysis. California
and Florida included discharges between 2005 and 2010
and New York included discharges between 2009 and
2010 due to data availability. We deﬁned a rAAA proce-
dure using ICD-9-CM procedure codes 38.34, 38.44,
38.46, 39.25, 39.52, 39.71, and 39.79. We excluded re-
cords that lacked a patient identiﬁcation number, and pa-
tients with a prior record of rAAA repair, a scheduled or
routine admission, a rAAA and no indication of a rAAA
procedure or death, and patients who were transferred to
another acute care facility without additional available data.
Outcomes of interest. Our main outcome of interest
was patient transfer to another acute care facility for the
episode of care. The ﬁrst record containing a rAAA diag-
nosis code was deﬁned as the index record or the ﬁrst emer-
gency department or hospital admission for the episode of
care. From that index record, we iteratively constructed a
transfer sequence by looking forward and backward in
time. Patients were included with an intention to treat
and were divided into two categories: rAAA procedure
without pretreatment transfer and rAAA with transfer.
We included patients who were transferred and did not un-
dergo repair with the presupposition that the transfer
implied a desire for treatment but may not have been
feasible if a clinical deterioration occurred during thetransfer process. Patients who survived a diagnosis of
rAAA without a procedure (and may have been miscoded)
were excluded. Patients not transferred and not undergo-
ing repair were also excluded because they may have
declined repair or were not operative candidates for repair.
Our secondary outcomes were in-hospital patient mor-
tality and total length of stay. In-hospital mortality was
taken from the last discharge record in the episode of
care. Total length of stay was calculated over the entire
episode of care. Patient comorbidity was calculated using
the Elixhauser Comorbidity Index7 The Elixhauser Co-
morbidity Index was developed to use with administrative
data that deﬁnes 30 coexisting medical conditions that
could inﬂuence patient outcomes. Driving distances were
estimated between ZIP code centroids of each facility using
on-line calculator services (https://maps.google.com).
Analysis. We tabulated patients by their transfer status
and compared unadjusted differences with c2 tests for cate-
goric variables and Kruskal-Wallis for continuous variables.
We used logistic regression analysis to identify variables
associated with transfer as well as to control for patient and
facility characteristics while estimating the association of
transfer status with outcomes. All statistical analysis was
performed using R software.8
RESULTS
We identiﬁed 4439 patients (77% men) who received
treatment. Mean age was 74.0 6 9.6 years and 81% were
Caucasian. The cohort comprised 3592 (80.9%) who un-
derwent repair at the initially presenting institution, and
847 (19.1%) who were transferred before receiving deﬁni-
tive care. Transferred patients travelled a mean of 40 6 41
miles from the initial facility to the treatment facility. Me-
dian travel distance was 27.8 miles (interquartile range,
12.4-53.5 miles). Travel distances of >100 miles were
observed in 7.3% of those transferred.
Patients transferred were similar with regard to age,
sex, and insurance status (Table I). Caucasian patients
were more likely to be transferred compared with other
races (19.8% vs 16.2%; P < .005). Those living in Florida
were less commonly transferred for care (14.9%) compared
with California (20.2%) or New York (29.5%). Transfer was
more common in later years (15.2% in 2005 to 23.8% in
2010; P < .001). Patients presenting on a weekend were
also more likely to be transferred (22% vs 18%; P ¼ .008).
Differences in hospital characteristics were also
observed for transferred patients. The initial visit occurred
in hospitals with fewer hospital beds (200 6 221 vs
412 6 355 beds; P < .001) and lower nurse-to-patient ra-
tios (6.6 vs 7.4 productive nursing hours/adjusted patient-
day; P < .01). Nonteaching hospitals were more likely to
transfer patients with rAAAs (23.8% vs 6.7%; P < .001),
as were hospitals without advanced technology (21.5% vs
15.3%; P < .001). By multivariable analysis, weekend pre-
sentation was associated with increased likelihood of trans-
fer (odds ratio [OR], 1.23; 95% conﬁdence interval [CI],
1.02-1.47; P ¼ .03), as was presentation in each subse-
quent year from 2005 to 2010 (OR, 1.08; 95% CI,
Table II. Multivariable analysis of factors associated with
transfer of ruptured abdominal aortic aneurysm (rAAA)
patients before surgical repaira
Variable OR 95% CI P
Age 0.98 0.97-0.99 <.001
Female sex 1.07 0.88-1.29 .50
Race
White (Reference) e e e
Black 1.37 0.93-1.98 .11
Hispanic 0.97 0.70-1.32 .85
Other or missing 0.53 0.36-0.77 .001
Insurance
Medicare (Reference) e e e
Medicaid 0.78 0.47-1.25 .32
Private 0.62 0.47-0.80 <.001
Other or missing 0.69 0.44-1.06 .09
Comorbidity index 0.90 0.86-0.95 <.001
Weekend presentation 1.23 1.02-1.47 .03
Admission year 1.08 1.03-1.13 .003
State
California (Ref) e e e
Florida 0.52 0.43-0.63 <.001
New York 2.05 1.54-2.74 <.001
Teaching hospital 0.23 0.17-0.29 <.001
High-tech hospital 0.96 0.80-1.15 .67
CI, Conﬁdence interval; OR, odds ratio.
aAdjusted for hospital characteristics.
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Congestive heart failure, % 15 18 .084
Chronic lung disease, % 28 33 .152
Chronic renal failure, % 15 16 .443
Diabetes, %
Uncomplicated 11 12 .207
Complicated 1 2 .102
Admitted on a weekend, % 29 24 .008
SD, Standard deviation.
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increasing age (OR, 0.98; 95% CI, 0.97-0.99; P < .001),
private insurance vs Medicare (OR, 0.62; 95% CI, 0.47-
0.80; P < .001), and increasing comorbidities as measured
by the Elixhauser Comorbidity Index (OR, 0.90; 95% CI,
0.86-0.95; P < .001). Compared with patients treated in
California, those treated in Florida were less likely to be
transferred (OR, 0.52; 95% CI, 0.43-0.63; P < .001),
whereas those treated in New York were more likely to
be transferred (OR, 2.05; 95% CI, 1.54-2.74; P < .001).
Of those transferred, 141 (17%) had died upon arriving to
the receiving facility or arrived to the receiving hospital but
died without undergoing AAA repair. Overall mortality of
those transferred was similar to those treated without transfer
(45.5% vs 43.2%; P ¼ .23). Among the transferred patients,
there was no signiﬁcant difference in travel distance between
those who survived and those who died (median, 28.7 vs
25.8 miles; P¼ .07). Total hospital length of stay (for all hos-
pitals combined) was longer for those transferred (median, 10
vs 9 days; P ¼ .008), and hospital costs ($161,000 vs
$146,000; P ¼ .02) were higher for those transferred.
After adjusting for patient factors, transfer was associated
with an increase in mortality (OR, 1.30; 95% CI, 1.05-1.60;
P ¼ .01; Table III). Travel distance was not associated with
mortality (OR, 1.00; 95% CI, 0.99-1.00; P¼ .16). Similarly,year (P ¼ .37) or weekend presentation (P ¼ .15) was not
associated with mortality. Increased mortality was associated
with age (OR, 1.05; 95% CI, 1.04-1.06; P < .001) and fe-
male sex (OR, 1.34; 95%CI, 1.15-1.55; P< .001).Mortality
rates were also noted to be different across states.
Endovascular aneurysm repair was more commonly
used for transferred patients compared with those treated
at the initial facility (33% vs 22%; P< .001). Operative mor-
tality was lower for those transferred who received repair
than for patients treated at the initial facility (34.6% vs
43.2%; P< .001). Likewise, mortality was lower after endo-
vascular aneurysm repair compared with open surgery
(29.4% vs 45.6%; P < .001). After adjusting for patient
and hospital factors for only patients receiving treatment,
transfer was associated with decreased mortality (adjusted
OR, 0.81; 95% CI, 0.68-0.97; P ¼ .02; Table IV).
Excluded from our study were 54 patients who were
transferred to another acute care facility without additional
available data. These patients were excluded from the main
analysis because we were unable to ascertain whether the
diagnosis of rAAA was incorrect, whether the code for
transfer was incorrect, or whether the patient died during
transfer and a record was not created at the receiving
hospital. We therefore performed a sensitivity analysis,
including these patients as “died during transfer” in the
regression model if the transferring hospital was not in a
county bordering another state. This included 46 patients.
With this analysis, up to 21% of patients may have died
without receiving operative repair. If all patients died,
then transfer remained associated with an increased mortal-
ity (adjusted OR, 1.56; 95% CI, 1.29-1.92; P < .001).
Table IV. Multivariable analysis of factors associated
with operative ruptured abdominal aortic aneurysm
(rAAA) mortalitya,b
Variable OR 95% CI P
Age 1.06 1.05-1.07 .008
Female sex 1.26 1.08-1.47 .003
Race
White (Reference) e e e
Black 0.75 0.54-1.03 .07
Hispanic 0.89 0.70-1.14 .37
Other or missing 1.36 1.05-1.75 .02
Interfacility transfer 0.81 0.68-0.97 .02
EVAR 0.46 0.39-0.54 <.001
Weekend presentation 1.09 0.95-1.27 .22
Admission year 1.02 0.98-1.06 .44
State
California (Reference) e e e
Florida 1.25 1.09-1.43 .002
New York 0.92 0.73-1.15 .46
CI, Conﬁdence interval; EVAR, endovascular aneurysm repair; OR, odds
ratio.
aExcluding transferred patients who died without surgery.
bAdjusted for comorbidity and insurance status.
Table III. Multivariable analysis of factors associated
with ruptured abdominal aortic aneurysm (rAAA)
mortalitya
Variable OR 95% CI P
Age 1.05 1.04-1.06 <.001
Female sex 1.34 1.15-1.55 <.001
Race
White (Reference) e e e
Black 0.73 0.53-0.99 .04
Hispanic 0.93 0.73-1.18 .53
Other or missing 1.34 1.05-1.71 .02
Interfacility transfer 1.30 1.05-1.60 .01
Distance of transfer (miles) 1.00 0.99-1.00 .16
Weekend presentation 1.11 0.96-1.28 .15
Admission year 0.98 0.95-1.02 .37
State
California (Reference) e e e
Florida 1.18 1.03-1.35 .02
New York 0.77 0.61-0.96 .02
CI, Conﬁdence interval; OR, odds ratio.
aAdjusted for comorbidity and insurance status.
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This study is the ﬁrst to describe complete population-
level outcomes for patients with rAAAs, including patients
transferred for care. We found that nearly 20% of patients
are transferred to a second facility before treatment and
that nearly 20% of transferred patients die without receiving
an attempt at repair. Although transfer was associated with
lower rates of in-hospital mortality for those treated, it was
associated with increased mortality after including all pa-
tients transferred, presumably with an intention to treat.
We believe these observations suggest that patients are be-
ing transferred to centers with expertise in treating rAAAs;
however, the reduced mortality is overshadowed by the
proportion of patients who are transferred and die without
treatment.
In general, two conditions are generally present when
rAAA patients are transferred to a higher level of care: local
resources or expertise are unavailable to provide treatment,
and the patient’s clinical condition is stable enough to war-
rant transport when the decision is made to transfer. Dur-
ing the transfer process, clinical conditions can deteriorate.
Our ﬁndings support the need for a standardized approach
surrounding care for rAAAs, including appropriate local re-
sources when feasible and a systematic approach to triage
and rapid transfer when local resources are not available.
A major strength of our study is the capture of the
entire episode of care even if it involved multiple institu-
tions. With this approach we were able to identify a higher
proportion of patients transferred for care compared with
our previous work9 using the National Emergency Depart-
ment Sample. In that study, only 3% of emergency depart-
ment visits for rAAAs resulted in transfer. However, that
data set was limited because the cohort did not capture pa-
tients without a diagnosis of rAAA before transfer or those
diagnosed and transferred after admission. We believe that
this current study more closely resembles actual practice.When considering appropriate designation of rAAA
referral centers, single-institution studies have demon-
strated markedly improved survival when an organized
treatment algorithm to rAAA is instituted.2-4 We believe
that key components of such a process include:
d Rapid imaging;
d Trained physician, operating room, and radiology
personnel;
d Immediate availability of blood products;
d A standard resuscitation protocol;
d Rapid access to endovascular equipment and stent
grafts; and
d A predeﬁned treatment algorithm including guidelines
for conversion to open repair.
Because these resources can be extensive, it may not be
feasible or necessary for all hospitals to provide deﬁnitive
rAAA treatment.
We observed that weekend presentation increased the
likelihood of transfer, suggesting that essential resources
are inconsistently available for some hospitals. Our previous
work9 showed that nonteaching hospitals, nontrauma cen-
ters, and nonmetropolitan hospitals were more likely to
transfer patients. These hospitals and the geographic areas
for which they provide care may beneﬁt most from a region-
alized approach to rAAA care. Such an approach should
include plans for triage from the ﬁeld and transfer from facil-
ities not capable to provide emergency care. In addition,
activation should be straightforward, with deﬁned guidelines
for blood pressure control and use of blood products and
timely notiﬁcation of the regional referral center to facilitate
transfer of the patient, data, and images.3,9-11
Some transferred patients who died after arrival, but
without treatment, were probably clinically stable at the
time of transfer but deteriorated clinically during the
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preventable with an organized system of care, which can
result in more rapid transport of appropriate patients to a
treating facility, increased likelihood of a patient arriving
clinically stable, and improved survival. A regional approach
to rAAA instituted in the United Kingdom for a referral hos-
pital covering an area ofw800 square miles reported a 33%
operative mortality with 98% of patients offered surgery after
transfer.12 This study provides a proof of concept that with
systems of care, patients with rAAAs can be brought for
treatment directly from the ﬁeld or by transfer from other
facilities with acceptable treatment delay.
Mortality of all transferred patients receiving treatment
was lower, whereas length of stay and costs were higher
than for those treated without antecedent transfer. These
ﬁndings are consistent with previous work11,13 and we believe
represent a selection bias favoring those who were clinically
stable to survive the transfer. Although transfer was associated
with increased mortality, the transfer likely took place because
the initial facility did not have the resources or expertise to
provide treatment. Without transfer, most of these patients
would probably therefore not have survived.
A main limitation of this study is that administrative data
lack important clinical details that inﬂuence the transfer de-
cision. In addition, our data were unable to account for the
patients who were transferred to another acute care facility
and then lost to follow-up. Our sensitivity analyses indicated
that if these patients had died during transport, then transfer
would be associated with a higher mortality compared with
patients treated without transfer. This group, however, was
presumably transferred to a higher level of care because
deﬁnitive treatment was unavailable locally and the initial
hospital considered transfer would give the best chance of
survival. Any increased mortality based on death during
transport must be weighed against certain death without
transfer and without treatment, highlighting the importance
of having an effective system of care. However, we cannot be
sure that these patients actually died, were lost in the system,
or were transferred to an out-of-state facility. We believe this
limitation does not diminish our principal ﬁndings.
In addition, as with all administrative data clinical vari-
ables, such as time between diagnosis, transfer if present,
and treatment, as well as mode of transfer (ground vs air),
aneurysm size, and severity of comorbidity, are not available
but may potentially confound results.14 Also, errors in cod-
ing may lead to inaccuracies in reporting, although this is less
likely for patients undergoing surgical procedures or proce-
dures requiring specialized training.15,16
CONCLUSIONS
We found that patients transferred for rAAA repair had
a higher risk of death compared with those not transferred
and that some transferred patients died without receiving
deﬁnitive repair. Transferred patients used signiﬁcantly
more hospital resources. Improving systems and guidelines
for interfacility transfer may further improve the outcomes
received by these patients and decrease associated hospital
resource utilization.AUTHOR CONTRIBUTIONS
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